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shape fluctuations of surfactant membrane in microemulsion

single membrane fluctuation in model biomembranes

evidence of sliding cyclodextrin along polymer chain



shape fluctuations
of surfactant membrane
IN microemulsion



microemulsions

water, oil, surfactant

Surface active agent (surfactant) reduces surface energy
between water and oil, so that water and oil can be mixed
together.

In the nanometer length scale, however, water and oil
domains are separated each other. Nono-scale structures

are self-assembled.
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surfactant everywhere in our life

hydrophilic head group hydrophobic tail group

cell membranes
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physical properties of surfactant membranes

surface can be characterized by two
principal curvatures C: and C-.

structure and dynamics are predetermined by surface energy
beNding free ener‘gy W. Helfrich, Z. Naturforsch. C 28, 693 (1973).
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how to determine those parameters

C1+C2
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e elastic modulus responding to shear deformation
thus, negligible for fluid membranes like microemulsions

effective shape of surfactant molecule: static structure
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micelles lamellae inverse micelles
interaction change around the molecules (T, P, ...)

K relaxation of a membrane to have : dynamic structure
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how to study microemulsions I

static structure

size of water droplet ~ nm coherent small-angle scattering

coherent SANS intensity (form factor): I(q) = /A p(r) exp[-igridr

Ap(r): scattering length density difference

bulk contrast film contrast

contrast variation technique
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how to study microemulsions I

hexane

static structure: example
water

AOT

AOT/D,0/CgD, ,

e

core-shell model form factor

Gaussian distribution of

100 radius of droplets

Instrumental smearing
effect

I(q) [arbitrary units]

i P

Rcore=20.9A
shell thickness=7.5A
core polydispersity=0.19

1O_| T Tl




how to study microemulsions II

dynamic structure

oil

translational diffusion + shape fluctuation

# i

DLS, NMR, NSE, ... NSE



how to study microemulsions II

: ; hexane
dynamic structure: example
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theory of shape fluctuation dynamics

13 )2 K term is neglected

fbend = 2K (— P,
"0 s

I's: spontaneous radius

PR

Expansion of r in spherical harmonics

with amplitude a ( )
(@)= ro 1 *3amYin )
A —

In this case, infermediate scattering function is

I(q,‘r)=<Vsz(Ap) » folqr) IXZI—ﬂ(qr) <Ia||2>expE>>

translational diffusion shape fluctuation

for simplicity, higher order term with | is neglected

S. T. Milner and S. A. Safran, Phys. Rev. A 36, 4371 (1987).



to get bending modulus of surfactant film I

I(q,t) can be approximated as a single exponential decay function

I(q,t)/I(q,0)=exp(-Deff q°1)

I(q.1)/1(q.0)
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to get bending modulus of surfactant film II
Deff(Q) = Dir + Ddef(Q)
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to get bending modulus of surfactant film III

now, we know dynamic parameters Iz and az as well as
static structure parameters rcore, rseil, and polydispersity
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polydispersity relates to the O-th mode amplitude ao
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Y. Kawabata et al., Phys. Rev. Lett. 92, 056103 (2004).
bending modulus of surfactant membrane ~ thermal energy

' thermal fluctuations of surfactant membrane affect
self-assembly of the systems






applications of shape fluctuation analysis

Droplet size effects on AOT microemulsion
by J. S. Huang et al., Phys. Rev. Lett. (1987).

Cosurfactant effects on AOT microemulsion
by B. Farago et al., Phys. Rev. Lett. (1990).

Charge density effects on AOT microemulsion
by B. Farago and M. Gradzielski, J. Chem. Phys. (2001).

Temperature and Pressure effects on AOT microemulsion
by Y. Kawabata et al., Phys. Rev. Lett. (2004).,
J. Chem. Phys. (2007).

Solvent effects on AOT microemulsion
by C. Kitchens et al., J. Phys. Chem. B (2005).

Droplet concentration dependence on AOT microemulsion
by M. Nagao and H. Seto, Phys. Rev. E submitted.



Pressure experiment using NSE
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Cametti et al. Phys. Rev. A 45, R5358 (1992).
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Z. Saidi, J. L. Daridon and C. Boned J. Phys. D:
Appl Phys. 28 (1995) 2108.

pressure set up at ISSP-NSE, Japan

nonmagnetic stainless steel body,
sapphire windows

O<P <100 MPq, 20< T <70 °C,
0.01<q<0.15 A"
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temperature and pressure varlaflon I
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temperature and pressure variation 11

NSE result
higher pressure; slower decay
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mechanisms

surfactant density low -> flexible

\ surfactant density high -> rigid
(©
P up ®

tail-tail attraction increase



single membrane fluctuations
in model biomembranes



various s’rrucfures of cell membrane

L

10-6 ; 103

glycoprotein —;‘
cholesterol

lipid bilayers are the basic
J / ' structure of cell membranes

scale [m]

\ k‘ % B LY physical properties of cell
membranes -> using model
biomembranes (lipid bilayer)

Transport protein




hierarchical structure of lipid vesicles

diameter™

oy Ny
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phase diagram

lamellar gel phase (Lg") ripple gel phase (Pg’) liquid crystalline phase (L)
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R. Kwolk and E. Evans,
Biophys. T 35, 637 (1981).
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single membrane fluctuation model

\ /é mean amplitudesT the
membra uctuations

7T ) h(r)
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bending energy of the membrane :%L[W—h(r)]Ed

I(q,t)/I(q,0)=exp[-(T1)"] In(r) | straight line
indicating ¢3

in case of 2-D membranes, p=2/3

Y.

In(q)

A. G. Zilman and R. Granek, Phys. Rev. Lett., 77, 4788 (1996).
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C. H. Lee et al, Phys. Rev. E 64, 020901 (2001).



anomalous swelling

increase of the mean repeat distance between lipid bilayers with
decreasing femperature to the main transition temperature
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T. Honger et al., Phys. Rev. Lett. 72, 3911 (1994).



Interaction between membranes

der Waals attrac

In the anomalous swelling regime, Helfrich repulsion can be larger
to make the lamellar repeat distance longer.

softening of the layer can be the origin of the anomalous swelling.

Let's check this by NSE technique.



e DMPC
= DMPC/KBr




origin of the anomalous swelling

K ~ 100 to 1000 kT
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ripple gel phase
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not dyndmical roughening,

but static roughening
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anomalous swelling

K ~ 10 to 100 kT

liquid crystalline phase



summary of the talk

shape fluctuations of surfactant membrane in microemulsion

collaboration with Dr. Kawabata and Profs. Seto and Takeda

single membrane fluctuation in model biomembranes
collaboration with Dr. Yamada and Prof. Seto

NSE can access collective dynamics of complex systems such as
polymers, micelles, surfactants especially in the low-q region.
NSE gives you unique opportunities to see dynamics in these
fields. I hope you will come back to do your own science!

Thank you for your attention



